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S
tatins are recommended 
for primary and secondary 
prevention of cardiovascular 
disease in the general population 
with elevated low-density lipoprotein 
(LDL) cholesterol based on extensive 
randomized trial evidence of 
cardiovascular beneﬁ  ts. Statin use in 
patients with kidney disease, including 
patients on dialysis, is also increasing, 
although fewer and smaller trials exist. 
Is the use of statins in patients with 
chronic kidney disease supported by 
the available randomized clinical trial 
evidence? In this article, the question 
was addressed by reviewing current 
published trials or systematic reviews 
on this topic. Available data conﬁ  rm 
the cardiovascular beneﬁ  ts of statins in 
patients with chronic kidney disease, 
although their impact on all-cause 
mortality is still not established. Statins 
are safe in these high-risk patients.
Statins in Patients with Kidney 
Disease: Evidence from Systematic 
Reviews and Randomized Clinical 
Trials
Case scenario. A 72-year-old, diabetic 
white male on dialysis for six months 
presents for a routine ofﬁ  ce visit. 
He has a total cholesterol level of 
190 mg/dl, LDL cholesterol level of 
136 mg/dl, high-density lipoprotein 
(HDL) cholesterol level of 37 mg/dl, 
and triglycerides level of 192 mg/
dl. Given his dialysis status, clinical 
history of diabetes, and presence of 
hyperlipidemia, this is a patient at 
high risk for cardiovascular events. 
He is very concerned about the high 
cholesterol levels, and you discuss 
the option of starting treatment 
with a lipid-lowering agent (statins). 
However, before making that decision, 
you reschedule him for another visit 
within one week and propose that you 
will have a look at the most updated 
literature—particularly meta-analysis 
and randomized clinical trials data, 
with a major focus on patients on 
dialysis—having recently heard that 
a new trial conducted in diabetic 
patients on dialysis found no signiﬁ  cant 
improvements in cardiac end points 
with statins. You are also aware of the 
signiﬁ  cant toxicity associated with 
statins and, hence, would like to make 
the best “evidence-based” decision for 
your patient, based on a beneﬁ  t–harm 
trade-off. 
Background. Cardiovascular diseases 
account for approximately 50% of 
deaths in patients with end-stage 
renal disease [1]. Patients on dialysis 
with concomitant cardiovascular 
disease have higher all-cause mortality 
rates compared with the general 
population. The prevalence of 
traditional cardiovascular risk factors 
such as diabetes and hypertension 
is also higher in patients on dialysis 
compared with the general population. 
Dyslipidemia is common in this group, 
with mildly elevated LDL cholesterol 
levels and a marked predominance of 
highly atherogenic, small, dense LDL 
particles [2]. Paradoxically, but not 
surprisingly given their biased nature 
when assessing intervention issues, 
some observational studies have found 
a signiﬁ  cant increase while others 
showed a signiﬁ  cant decrease in the 
risk of death in individuals with lower 
cholesterol levels and chronic kidney 
disease [3–6]. Additionally, currently 
available randomized clinical trials 
in chronic kidney diseases are few 
and small, and often provide data 
on surrogate end points alone, with 
limited information on mortality and 
cardiovascular event rates.
Despite conﬂ  icting results and a 
scant evidence base, statins have been 
recommended broadly in patients 
on dialysis by various guidelines, 
on the grounds of beneﬁ  cial effects 
found in observational data or in 
trials conducted both in populations 
on dialysis and in other populations 
(those not on dialysis). The National 
Kidney Foundation–Kidney Disease 
Outcomes Quality Initiative guidelines 
recommend the use of statins in 
chronic kidney disease stages 3, 4, and 
5 (stage 3 glomerular ﬁ  ltration rate 
[GFR], 30–59 ml/min; stage 4 GFR, 
15–29 ml/min; stage 5 GFR, less than 
15 ml/min) with LDL levels greater 
than 130 mg/dl [7]. Globally, more 
than 1.3 million people receive dialysis, 
and more than 600,000 patients receive 
dialysis in the United States and 
Europe alone [8]. Statin use in patients 
on dialysis varies according to the 
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geographic region, with at least 40%–
50% of US patients on dialysis receiving 
statin therapy [7]. Given the paucity of 
evidence in this ﬁ  eld, there appears to 
be conﬂ  ict between recommendations 
from guidelines, evidence, and current 
practice patterns. Furthermore, given 
the signiﬁ  cantly larger number of 
patients taking statins and being cared 
for by internists, it is imperative to 
review the evidence supporting its use.
Systematic Reviews of Statins 
in Patients with Chronic Kidney 
Disease
You performed a literature search in 
the Renal Health Library (http:⁄⁄www.
cochrane-renal.org/renalhealthlibrary.
php), which is produced by the 
Cochrane Renal Group, and includes 
the most updated list of randomized 
clinical trials (n is approximately 
8,000) and systematic reviews (n is 
approximately 50) conducted in 
populations with renal diseases. Your 
search identiﬁ  ed a systematic review of 
statins in patients on dialysis [9]. This 
review included six randomized clinical 
trials, which were of short duration 
(Table 1). Statins reduced total 
cholesterol (ﬁ  ve studies, 357 patients; 
weighted mean difference, −53.74 mg/
dl [1.40 mmol/L]; 95% conﬁ  dence 
interval [CI], −66.95–−40.54) and LDL 
cholesterol levels (ﬁ  ve studies, 357 
patients; weighted mean difference, 
−55.40 mg/dl [1.44 mmol/L]; 95% CI, 
−69.90–−40.90) similar to the general 
population, without any increase in the 
rate of adverse events (hepatotoxicity 
abnormal liver function test results 
or rhabdomyolysis-elevated creatine 
kinase levels). However, data on 
cardiovascular and cerebrovascular 
events in patients on dialysis were never 
looked at by the trials and, hence, 
not analyzed in this review. Since 
publication of that Cochrane review, 
which is currently being updated, a 
large statin trial in patients on dialysis 
(4D trial) came into the public 
domain. This trial found no signiﬁ  cant 
difference in the rates of cardiovascular 
mortality and events in diabetic patients 
on dialysis receiving statins compared 
with those who did not receive statins. 
In the Renal Health Library, there 
was no systematic review of randomized 
trials analyzing the role of statins in 
patients with earlier stages of chronic 
kidney disease (“predialysis” patients), 
and there was one non-Cochrane 
review that analyzed the role of statins 
in patients with kidney transplants 
[10]. This latter review concluded 
that in transplant recipients, statins 
may reduce clinical cardiac events, 
along with improvement in surrogate 
end points (lipid markers). In 
summary, these data mainly indicate 
that statins are effective in improving 
surrogate end points, but have never 
been strongly demonstrated to 
affect mortality and cardiovascular 
events. You therefore go further in 
your analysis of trials published after 
the systematic reviews, and, hence, 
not included in those analyses. In 
particular, you focus on individual 
clinical trials conducted in patients on 
dialysis, predialysis patients, or patients 
with renal transplants.
Recent Clinical Trial Evidence 
for Use of Statins in Patients on 
Dialysis 
Recently, the largest clinical trial 
of statins in patients on dialysis was 
published [11]. The 4D trial analyzed 
the efﬁ  cacy of atorvastatin in 1,200 
patients with diabetes on hemodialysis 
in Germany. The primary end point 
was a composite of death from 
cardiac causes, fatal stroke, nonfatal 
myocardial infarction, or nonfatal 
stroke—whichever occurred ﬁ  rst. Even 
though the impact on cholesterol 
reduction was similar to that observed 
in the general population, atorvastatin 
had no statistically signiﬁ  cant effect 
on the composite end point (relative 
risk [RR], 0.92; 95% CI, 0.77–1.10; p = 
0.37). The use of atorvastatin decreased 
the number of cardiovascular events 
(fatal and nonfatal) signiﬁ  cantly (RR, 
0.82; 95% CI, 0.68–0.99; p = 0.03), but 
the impact on all-cause mortality was 
not signiﬁ  cant in comparison with 
placebo (RR, 0.93; 95% CI, 0.79–1.08; 
p = 0.33). 
The United Kingdom heart and 
renal protection (HARP) trial analyzed 
the safety and efﬁ  cacy of simvastatin in 
three subsets of patients with chronic 
kidney disease, including predialysis, 
renal transplant, and also patients 
treated with dialysis [12]. It concluded 
that the use of simvastatin consistently 
decreased cholesterol levels in 
all subgroups, without additional 
toxicity (i.e., simvastatin therapy was 
not associated with excess risk for 
hepatotoxicity or rhabdomyolysis). 
Again, despite the relatively large 
sample size (n = 448; patients on 
dialysis = 73), long-term outcomes, 
particularly mortality rates, were not 
reported in this trial.
Recent Clinical Trial Evidence 
for Use of Statins in Predialysis 
Patients and Recipients of Renal 
Transplants
Tonelli et al. analyzed the role of 
pravastatin in 1,711 patients with 
creatinine clearance less than 75 
ml/min and not on dialysis [13]. 
This study was a subanalysis of the 
larger cholesterol and recurrent 
events (CARE) trial that enrolled 
4,159 patients with prior myocardial 
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Table 1. Characteristics of the Populations and Interventions in the Short-Term Randomized Controlled Trials of Statins Conducted in 
Patients on Dialysis Focusing on Surrogate End Points
Study Dialysis  Modality  a Intervention Study Duration (Months) Number of Patients
Statin Control
Diepeveen et al. [17] CAPD, HD Atorvastatin, 10 mg 3 13 24
Harris et al. [18] CAPD Atorvastatin, 10–40 mg 4 59 71
Lins et al.[19] HD Atorvastatin, 10 mg 3 23 19
Walker et al. [20] CAPD, HD Simvastatin, 5–20 mg 6 54 53
Saltissi et al. [21] CAPD, HD Simvastatin, 20 mg 6 37 18
Baigent et al. [12] CAPD, HD Simvastatin, 20 mg 12 35 38
aAll these studies measured only cholesterol levels and adverse events (liver function tests and creatine kinase levels).
CAPD, continuous ambulatory peritoneal dialysis; HD, hemodialysis.
DOI: 10.1371/journal.pmed.0030123.t001PLoS Medicine  |  www.plosmedicine.org 0617
infarction and cholesterol levels 
greater than 240 mg/dl; it has been 
subsequently included in meta-
analyses including the large Pravastatin 
Pooling Project and has been widely 
disseminated [14]. The study of 
Tonelli et al. concluded that the use 
of pravastatin decreased the incidence 
of major coronary events, with no 
impact on all-cause mortality (Table 
2). The study individually may not 
be adequately powered to detect the 
impact on all-cause mortality rates in 
predialysis patients with kidney disease, 
but the subsequent Pravastatin Pooling 
Project analyses, including additional 
information in predialysis patients 
from the West of Scotland coronary 
prevention study (WOSCOPS) and 
long-term intervention with pravastatin 
in ischemic disease (LIPID) studies, 
demonstrates a signiﬁ  cant reduction 
in the risk of all-cause mortality with 
statins in these patients (RR, 0.81; 95% 
CI, 0.73–0.89; p = 0.03). 
In the assessment of lescol in renal 
transplantation (ALERT) trial, the use 
of ﬂ  uvastatin in patients with renal 
transplants has been found to decrease 
coronary events and cardiovascular 
mortality rates by an extent similar 
to that observed in patients without 
kidney disease, although there was no 
impact found on all-cause mortality 
[15]. In terms of cardiovascular end 
points, both the studies demonstrated 
that the beneﬁ  ts of statins in predialysis 
populations and in recipients of 
renal transplants are similar to those 
observed in the general population 
(patients without kidney disease) 
(Table 2).
Implications for Clinical Practice
Coming back to the original focus on 
our patient on dialysis, what does the 
current trial and systematic review 
evidence tells us about statins and 
cardiovascular disease in this scenario? 
The systematic reviews looked at 
surrogate end points alone. If these are 
validated surrogates, as in the general 
population, then statins reduce the 
levels of the surrogate and also the 
rate of the major event distal to the 
surrogate in the causal pathway of 
events. In summary, provided total 
cholesterol and LDL cholesterol levels 
are validated surrogate end points, 
statins reduce their levels, and this 
implies cardiovascular morbidity and 
mortality. The fact that the 4D trial 
found an effect on the surrogate but 
not on all-cause or cardiovascular 
mortality may indicate that initiation 
of statin therapy in patients on dialysis 
may be too late, and statin use should 
be considered in patients with chronic 
kidney disease before they reach 
dialysis. In fact, both predialysis patients 
and recipients of renal transplants 
signiﬁ  cantly beneﬁ  t from statins for 
both cardiovascular morbidity and 
mortality and all-cause mortality. 
In both patients in the predialysis 
stage and those with transplants, 
cardiovascular event and cardiac 
mortality rates decreased similarly to 
the general population (about 20%). 
This decrease was not found in patients 
on dialysis with diabetes, where much 
more severe comorbidities occur such 
that the beneﬁ  ts of statins are less likely 
to occur, in particular with respect to 
survival. 
Hence, it is reasonable that despite 
absence of trial evidence in the dialysis 
population, statins should confer 
some beneﬁ  t, and perhaps dose, 
duration, cointerventions, and other 
still unexplored aspects may play a role 
in determining whether they result 
in a survival advantage. Very likely, a 
meta-analysis including predialysis, 
dialysis, and transplant data will show 
a cumulative estimate of signiﬁ  cant 
reduction for both cardiovascular and 
total mortality, and will demonstrate 
that the stage of chronic kidney disease 
(predialysis, dialysis, and transplant) 
is not an effect modiﬁ  er. Such 
meta-analyses are being conducted. 
Furthermore, other randomized trials 
may address the question. These are 
also ongoing. In particular, there are 
two randomized trials currently in 
progress: the study of heart and renal 
protection (SHARP) trial, which will 
include 3,000 patients on dialysis and 
6,000 predialysis patients, and the 
AURORA study, which will include 
2,700 patients on hemodialysis [16]. 
Their results are awaited to build on 
current knowledge and to make a 
ﬁ  nal informed decision on whether a 
statin is beneﬁ  cial in dialysis, but there 
is insufﬁ  cient evidence at present to 
say that statins should not be used, 
particularly in light of no substantial 
evidence of harm. 
What Will You Suggest to Your 
Patient?
Your patient comes for the scheduled 
follow-up visit. You tell him about the 
studies that looked at whether use of 
statins in his condition is supported 
by evidence from randomized trials. 
Statins have in fact been proven to 
decrease the cardiovascular event rates 
in patients with chronic kidney disease, 
and no substantial evidence of harm 
was demonstrated in these patients. 
In comparison with trials conducted 
in all other populations, there are no 
major counterarguments that statins 
should be harmful to him, although 
the only trial conducted in individuals 
with diabetes on dialysis did not 
conﬁ  rm any cardiovascular or survival 
beneﬁ  t—perhaps for methodological 
reasons, mainly including sample 
size/low power—selecting a high-risk 
population where major beneﬁ  ts were 
not likely to be seen, even though 
harm was not observed. Despite your 
strictly “evidence-based” approach to 
decision making, you decide with your 
patient that you will follow the current 
recommendations for statin use by the 
National Kidney Foundation–Kidney 
Disease Outcomes Quality Initiative 
guidelines, and look forward to the 
Table 2. Results of the Three Major Statin Trials Reporting Patient-Level End Points in Patients with Chronic Kidney Disease






(Relative Risk, [95% 
conﬁ  dence interval], p value)
Cardiovascular Mortality 
(Relative Risk, [95% 
conﬁ  dence interval], p value)
All-Cause Mortality (Relative 
Risk, [95% conﬁ  dence 
interval], p value)
Predialysis [13] 1,711/5  0.72, (0.59–0.88), 0.001 0.72, (0.55–0.95), 0.02 0.81, (0.61–1.08), 0.14
Hemodialysis [11] 1,255/3.9  0.82, (0.68–0.99), 0.03 0.81, (0.64–1.03), 0.08 0.93, (0.79–1.08), 0.33
Transplantation [15] 2,102/5  0.65, (0.48–0.88), 0.005 0.62, (0.40–0.96), 0.03 1.02, (0.81–1.30), 0.40
aIncludes nonfatal myocardial infarction and the need for revascularization procedures.
DOI: 10.1371/journal.pmed.0030123.t002
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results of currently ongoing trials. 
In fact, you discuss with your patient 
that you will seek information about 
whether he himself may be enrolled in 
one of the ongoing trials of statins.  
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References
1.  United States Renal Data System (2005) 
USRDS 2005 annual data report. Bethesda 
(Maryland): National Institute of Diabetes 
and Digestive and Kidney Diseases. Available: 
http:⁄⁄www.usrds.org/adr.htm. Accessed 14 
March 2006.
2.  Cheung AK, Wu LL, Kablitz C, Leypoldt JK 
(1993) Atherogenic lipids and lipoproteins 
in hemodialysis patients. Am J Kidney Dis 22: 
271–276.
3.  Iseki K, Yamazato M, Tozawa M, Takishita S 
(2002) Hypocholesterolemia is a signiﬁ  cant 
predictor of death in a cohort of chronic 
hemodialysis patients. Kidney Int 61: 1887–
1893.
4.  Flieshmann EH, Bower JD, Salahudeen AK 
(2001) Risk factor paradox in hemodialysis: 
Better nutrition as a partial explanation. 
ASAIO J 47: 74–81.
5.  Seliger SL, Weiss NS, Gillen DL, Kestenbaum 
B, Ball A, et al. (2002) HMG CoA reductase 
inhibitors are associated with reduced mortality 
in ESRD patients. Kidney Int 61: 297–304.
6.  Mason NA, Bailie GR, Satayathum S (2005) 
HMG-coenzyme a reductase inhibitor use 
is associated with mortality reduction in 
hemodialysis patients. Am J Kidney Dis 45: 
119–126.
7.  Kidney Disease Outcomes Quality Initiative 
Group (2003) K/DOQI guidelines for 
management of dyslipidemias in patients with 
chronic kidney disease. Am J Kidney Dis 41: 
S1–S91.
8.  Grassmann A, Gioberge S, Moller S, Brown G 
(2005) ESRD patients in 2004: Global overview 
of patient numbers, treatment modalities and 
associated trends. Nephrol Dial Transplant 20: 
2587–2593.
9.  Navaneethan SD, Shrivastava R (2004) HMG 
CoA reductase inhibitors (statins) for dialysis 
patients. Cochrane Database Syst Rev 18: 
CD004289.
10. Lentine KL, Brennan DC (2004) Statin use 
after renal transplantation: A systematic quality 
review of trial-based evidence. Nephrol Dial 
Transplant 19: 2378–2386.
11. Wanner C, Krane V, Marz W, Olschewski M, 
Mann JF, et al. (2005) Atorvastatin in patients 
with type 2 diabetes mellitus undergoing 
hemodialysis. N Engl J Med 353: 238–248.
12. Baigent C, Landray M, Leaper C, Altmann P, 
Armitage J, et al. (2005) First United Kingdom 
Heart and Renal Protection (UK-HARP-I) 
study: Biochemical efﬁ  cacy and safety of 
simvastatin and safety of low-dose aspirin in 
chronic kidney disease. Am J Kidney Dis 45: 
473–484.
13. Tonelli M, Moye L, Sacks FM, Cole T, Curham 
GC (2003) Effect of pravastatin on loss of renal 
function in people with moderate chronic 
renal insufﬁ  ciency and cardiovascular disease. J 
Am Soc Nephrol 14: 1605–1613.
14. Tonelli M, Isles C, Curhan GC, Tonkin A, 
Pfeffer MA, et al. (2004) Effect of pravastatin 
on cardiovascular events in people with chronic 
kidney disease. Circulation 21: 1557–1563. 
15. Holdaas H, Fellstrom B, Jardine AG, Holme I, 
Nyberg G, et al. (2003) Effect of ﬂ  uvastatin on 
cardiac outcomes in renal transplant recipients: 
A multicentre, randomised, placebo-controlled 
trial. Lancet. 14: 2024–2031. 
16. Baigent C, Landry M (2003) Study of heart and 
renal protection (SHARP). Kidney Int Suppl 
2003: S207–S210. 
17. Diepeveen SH, Verhoeven GW, Van Der 
Palen J, Dikkeschei LD, Van Tits LJ, et al. 
(2005) Effects of atorvastatin and vitamin E 
on lipoproteins and oxidative stress in dialysis 
patients: A randomised-controlled trial. J 
Intern Med 257: 438–445.
18. Harris KP, Wheeler DC, Chong CC, 
Atorvastatin in CAPD Study Investigators 
(2002) A placebo controlled trial examining 
atorvastatin in dyslipidemic patients 
undergoing CAPD. Kidney Int 61: 1469–1474.
19. Lins RL, Matthys KE, Billiouw JM, Dratwa 
M, Dupont P, et al. (2004) Lipid and 
apoprotein changes during atorvastatin 
up-titration in hemodialysis patients with 
hypercholesterolemia: A placebo-controlled 
study. Clin Nephrol 62: 287–294.
20. Walker RJ, Sutherland WH, Walker HL, 
MaMahon S, Robson RA (1997) Effect of 
treatment with simvastatin on serum cholesteryl 
ester transfer in patients on dialysis. PERFECT 
Study Collaborative Group. Nephrol Dial 
Transplant 12: 87–92. 
21. Saltissi D, Morgan C, Rigby RJ, Westhuyzen 
J (2002) Safety and efﬁ  cacy of simvastatin in 
hypercholesterolemic patients undergoing 
chronic renal dialysis. Am J Kidney Dis 39: 
283–290. 